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(57) ABSTRACT 

An ion implanter includes an implantation chamber into 
Which an ion beam is introduced, a holder for holding sub 
strates on tWo columns of a ?rst column and a second column 
in an X-direction, and a holder driving unit having a function 
of setting the holder in a horizontal state and then positioning 
the holder in a substrate exchange position and a function of 
setting the holder in a standing state and then driving recip 
rocally and linearly the holder along the X-direction in an 
irradiation area of the ion beam. Also, the ion implanter 
includes tWo load lock mechanisms, and tWo substrate carry 
ing units equipped With arms, Which carry the substrates 
between the load lock mechanisms and a substrate exchange 
position respectively, every tWo arms. 
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FIG. 1 
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FIG. 5 
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FIG. 10 
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FIG. 15 
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FIG. 17 
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ION IMPLANTER 

TECHNICAL FIELD 

[0001] The present disclosure relates to an ion implanter for 
performing an ion implantation by irradiating an ion beam 
onto a substrate (e.g., a semiconductor substrate). 

RELATED ART 

[0002] In the related art, the so-called batch type ion 
implanter for performing an ion implantation collectively 
onto a plurality of substrates on a rotary disc by irradiating an 
ion beam, Whose Width is expanded by using a scanning, onto 
a location on the rotary disc, While rotating the rotary disc on 
Which the plurality of substrates are held has been proposed 
(see Patent Literature 1, for example). 
[0003] [Patent Literature 1] JP-A-9-129571 (Paragraph 
0020, FIG. 3) 
[0004] In the ion implanter in the related art, such a problem 
existed that uniformity of an ion implantation amount (dose) 
distribution in a plane of a substrate is not good. 

[0005] This problem Will be explained With reference to 
FIG. 17 hereunder. Each substrate 94 is disposed on a rotary 
disc 92. The rotary disc 92 is rotated at a constant angular 
velocity 00 around a center of rotation 93 in an arroW U 

direction. 

[0006] On an inner side and an outer side in the plane of the 
substrate 94 (a side closer to the center of rotation 93 of the 
rotary disc 92 in the plane of the substrate 94 is the inner side 
and an opposing side is the outer side), a relative velocity V to 
an ion beam 90 is different in proportion to a radius r. Con 
cretely, this velocity V is expressed by v:ru). 
[0007] Since a beam current density distribution of the ion 
beam 90 is substantially uniform, an ion implantation amount 
into the substrate 94 is in inverse proportion to the velocity v. 
Therefore, such a nonuniform implantation amount distribu 
tion is produced on the substrate 94 that an implantation 
amount in a region RIN that is located closer to the inner side 
is larger than that in a region ROUTthat is located closer to the 
outer side. In addition, this nonuniform implantation amount 
distribution is caused by a rotational motion of the rotary disc 
92, and thus this nonuniform implantation amount distribu 
tion assumes a circular arc shape around the center of rotation 
93. A typical example of this nonuniform implantation 
amount distribution is represented by contour lines 96. 
[0008] There is such a consideration that the above nonuni 
form implantation amount distribution should be corrected 
and uniformiZed by adjusting the beam current density dis 
tribution of the ion beam 90, for example. In this case, it is not 
easy to correct such complicated implantation amount distri 
bution. 

[0009] When the uniformity of the implantation amount 
distribution in the plane of the substrate is not good, portions 
of the substrate into Which the ion has been implanted and 
Which can be used effectively are reduced, and thus yield is 
loWered. As more concrete example, in a situation that the ion 
implantation is employed as one of steps that are applied to 
form a large number of semiconductor devices in the plane of 
the semiconductor substrate 94, unless the uniformity of the 
implantation amount distribution is good, a variation in the 
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characteristics of the semiconductor device is increased. As a 
result, yield of the manufacture of the semiconductor device 
is loWered. 

SUMMARY 

[0010] Exemplary embodiments of the present invention 
provide an ion implanter capable of performing collectively 
an ion implantation onto a plurality of substrates, and also 
capable of improving a uniformity of an implantation amount 
distribution in a plane of each of the substrates. 
[0011] An ion implanter according to an exemplary 
embodiment of the invention, comprises: 
[0012] an implantation chamber, Which is exhausted to 
vacuum and into Which an ion beam is introduced; 
[0013] a holder provided in the implantation chamber, the 
holder holding substrates, to Which an ion implantation is 
performed by irradiating the ion beam, on tWo columns of a 
?rst column and a second column in an X-direction; 
[0014] a holder driving unit, Which sets the holder in a 
horiZontal state and then positions the holder in a substrate 
exchange position, and Which sets the holder in a standing 
state and then drives reciprocally and linearly the holder 
along the X-direction in an irradiation area of the ion beam; 
[0015] ?rst and second load lock mechanisms, Which trans 
fer the substrates betWeen an atmosphere side and the implan 
tation chamber; 
[0016] a ?rst substrate carrying unit having a ?rst arm and 
a second arm that are positioned mutually vertically and are 
reciprocally rotated mutually independently around a same 
center line, Wherein the ?rst arm carries the substrates from 
the ?rst load lock mechanism to the ?rst column of the holder 
in the substrate exchange position, and the second arm carries 
the substrates from the ?rst column of the holder in the sub 
strate exchange position to the ?rst load lock mechanism; and 
[0017] a second substrate carrying unit having a third arm 
and a fourth arm that are positioned mutually vertically and 
are reciprocally rotated mutually independently around a 
same center line, Wherein the third arm carries the substrates 
from the second load lock mechanism to the second column 
of the holder in the substrate exchange position and the fourth 
arm carries the substrates from the second column of the 
holder in the substrate exchange position to the second load 
lock mechanism. 
[0018] According to this ion implanter, the holder that 
holds the substrates on tWo columns are driven reciprocally 
and linearly in the irradiation area of the ion beam by the 
holder driving unit. Therefore, the ion implantation can be 
performed collectively to plural substrates. 
[0019] Also, the holder and the substrates are driven recip 
rocally and linearly. Therefore, unlike the case Where the 
rotary disc is employed, a relative velocity betWeen the sub 
strate and the ion beam in the plane of each substrate becomes 
even (uniform).As a result, the uniformity of the implantation 
amount distribution in the plane of each substrate can be 
improved. 
[0020] An ion implanter according to an exemplary 
embodiment of the invention, comprises: 
[0021] an implantation chamber, Which is exhausted to 
vacuum and into Which an ion beam is introduced; 

[0022] a holder provided in the implantation chamber, the 
holder holding substrates, to Which an ion implantation is 
performed by irradiating the ion beam, on tWo columns of a 
?rst column and a second column in an X-direction; 
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[0023] a holder driving unit, Which sets the holder in a 
horizontal state and then positions the holder in a substrate 
exchange position, and Which sets the holder in a standing 
state and then drives reciprocally and linearly the holder in a 
direction intersecting With the X-direction in an irradiation 
area of the ion beam; 
[0024] ?rst and second load lock mechanisms, Which trans 
fer the substrates betWeen an atmosphere side and the implan 
tation chamber; 
[0025] a ?rst substrate carrying unit having a ?rst arm and 
a second arm that are positioned mutually vertically and are 
reciprocally rotated mutually independently around a same 
center line, Wherein the ?rst arm carries the substrates from 
the ?rst load lock mechanism to the ?rst column of the holder 
in the substrate exchange position, and the second arm carries 
the substrates from the ?rst column of the holder in the sub 
strate exchange position to the ?rst load lock mechanism; and 
[0026] a second substrate carrying unit having a third arm 
and a fourth arm that are positioned mutually vertically and 
are reciprocally rotated mutually independently around a 
same center line, Wherein the third arm carries the substrates 
from the second load lock mechanism to the second column 
of the holder in the substrate exchange position and the fourth 
arm carries the substrates from the second column of the 
holder in the substrate exchange position to the second load 
lock mechanism, 
[0027] Wherein the ion beam irradiated onto the substrates 
has a dimension that covers the substrates being held on tWo 
columns by the holder With a scanning of the ion beam or 
Without the scanning. 
[0028] According to this ion implanter, the holder that 
holds the substrates on tWo columns are driven reciprocally 
and linearly in the irradiation area of the ion beam by the 
holder driving unit. Therefore, the ion implantation can be 
performed collectively to plural substrates. 
[0029] Also, the holder and the substrates are driven recip 
rocally and linearly. Therefore, unlike the case Where the 
rotary disc is employed, a relative velocity betWeen the sub 
strate and the ion beam in the plane of each substrate becomes 
even (uniform). As a result, the uniformity of the implantation 
amount distribution in the plane of each substrate can be 
improved. 
[0030] The holder may be constructed to hold plural sub 
strates in plural roWs on the ?rst column and the second 
column respectively, and the ?rst and second substrate carry 
ing units and the ?rst and second load lock mechanisms may 
be provided to correspond to this holder. 
[0031] Further, the intervening unit having the function of 
intervening the transfer of the substrate betWeen the holder 
positioned in the substrate exchange position and the ?rst to 
fourth arms may be provided. 

[0032] As the substrate, the rectangular substrate or the 
circular substrate may be employed. 
[0033] The holder may have a plurality of electrostatic 
chucks that attract and hold the substrate by means of static 
electricity respectively, have a rectangular planar shape 
respectively, and are ?xed to direct in the direction that cor 
responds to the tWist angle of the substrate. 
[0034] According to this ion implanter, the holder that 
holds the substrates on tWo columns are driven reciprocally 
and linearly in the irradiation area of the ion beam by the 
holder driving unit. Therefore, the ion implantation can be 
performed collectively to plural substrates. 
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[0035] Also, the holder and the substrates are driven recip 
rocally and linearly. Therefore, unlike the case Where the 
rotary disc is employed, a relative velocity betWeen the sub 
strate and the ion beam in the plane of each substrate becomes 
even (uniform). As a result, the uniformity of the implantation 
amount distribution in the plane of each substrate can be 
improved. 
[0036] Also, the ?rst and second load lock mechanisms and 
the ?rst and second substrate carrying units equipped With 
tWo arms respectively are provided. Therefore, the transfer of 
the substrates betWeen the atmosphere side and the implan 
tation chamber and the carry of the substrates betWeen 
respective load lock mechanisms and the holder can be car 
ried out smoothly. As a result, a throughput can be improved. 
[0037] According to the invention, the holder is constructed 
such that plural substrates can be held in plural roWs on the 
?rst column and the second column respectively, and also the 
?rst and second substrate carrying units and the ?rst and 
second load lock mechanisms are constructed to correspond 
to such con?guration. Therefore, the ion implantation can be 
performed collectively to the larger number of substrates, and 
plural substrates corresponding to the plural roWs can be 
handled collectively in the ?rst and second substrate carrying 
units and the ?rst and second load lock mechanisms. As a 
result, a throughput can be improved. 
[0038] According to the invention, the intervening unit hav 
ing a function of intervening the transfer of the substrates 
betWeen the holder positioned in the substrate exchange posi 
tion and the ?rst to fourth arms is provided. Therefore, the 
transfer of the substrates betWeen the holder and the ?rst to 
fourth arms can be carried out more smoothly. As a result, a 
throughput can be improved. 
[0039] According to the invention, the intervening unit hav 
ing a function of intervening the transfer of the substrates 
betWeen the holder positioned in the substrate exchange posi 
tion and the ?rst to fourth arms and a function of setting 
collectively the tWist angle of respective substrates, Which are 
to be held by the holder, to a predetermined angle is provided. 
Therefore, the transfer of the substrates betWeen the holder 
and the ?rst to fourth arms can be carried out more smoothly. 
As a result, a throughput can be improved. In addition, the 
tWist angle of respective rectangular substrates that are to be 
held by the holder can be set collectively to a predetermined 
angle. 
[0040] According to the invention, the holder has a plurality 
of electrostatic chucks that have a rectangular planar shape 
respectively and are ?xed toWard the direction that corre 
sponds to the tWist angle of respective substrates. Therefore, 
When the ion implantation is performed While holding respec 
tive substrates being tWisted by the tWist angle by using the 
electrostatic chucks, such an event can be prevented that the 
ion beam hits the electrostatic chucks and the electrostatic 
chucks are damaged. In addition, an attracting force applied 
to the substrate can be increased since a contact area betWeen 
the electrostatic chuck and the substrate can be increased, and 
also the substrate can be cooled effectively since a heat trans 
fer area betWeen the substrate and the electrostatic chuck can 
be increased. 
[0041] Other features and advantages may be apparent 
from the folloWing detailed description, the accompanying 
draWings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a schematic plan vieW shoWing an embodi 
ment of an ion implanter according to this invention. 
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[0043] FIG. 2 is a plan vieW showing surroundings of an 
implantation chamber of the ion implanter in FIG. 1 in an 
enlarged manner. 
[0044] FIG. 3 is a side vieW shoWing a holder driving unit in 
FIG. 2 in an enlarged manner When vieWed in an arroW P 
direction. 
[0045] FIG. 4 is a front vieW shoWing an example of the 
holder that holds a substrate in a standing state, When vieWed 
in a traveling direction Z of an ion beam. 
[0046] FIG. 5 is a plan vieW shoWing an example of the 
holder and an intervening unit being kept in a horiZontal state, 
When vieWed from the substrate carrying unit side. 
[0047] FIG. 6 is an enlarged sectional vieW taken along a 
line D-D in FIG. 1. 
[0048] FIG. 7 is an enlarged sectional vieW taken along a 
line E-E in FIG. 1. 
[0049] FIG. 8 is a schematic side vieW shoWing an example 
of a lifting pin elevating unit. 
[0050] FIG. 9 is a schematic side vieW shoWing an example 
of a tWist guide rotating unit and a tWist guide elevating unit. 
[0051] FIG. 10 is a schematic front vieW shoWing an 
example of a substrate containing vessel, When vieWed from 
the substrate carrying unit side. 
[0052] FIG. 11 is a schematic vieW explaining an example 
of an overall operation of the ion implanter according to this 
invention, Wherein illustration of the portions that are not so 
required for the explanation is omitted herein. 
[0053] FIG. 12 is another schematic vieW explaining an 
example of an overall operation of the ion implanter accord 
ing to this invention, Wherein illustration of the portions that 
are not so required for the explanation is omitted herein. 
[0054] FIG. 13 is still another schematic vieW explaining an 
example of an overall operation of the ion implanter accord 
ing to this invention, Wherein illustration of the portions that 
are not so required for the explanation is omitted herein. 
[0055] FIG. 14 is yet still another schematic vieW explain 
ing an example of an overall operation of the ion implanter 
according to this invention, Wherein illustration of the por 
tions that are not so required for the explanation is omitted 
herein. 
[0056] FIG. 15 is a vieW shoWing another example of the 
relation betWeen an electrostatic chuck and the substrate. 
[0057] FIG. 16 is a schematic front vieW shoWing another 
example of the relation betWeen the ion beam and an align 
ment of substrates on the holder, etc. 
[0058] FIG. 17 is a vieW shoWing fragmentally a rotary disc 
of the ion implanter in the related art. 

DETAILED DESCRIPTION 

[0059] FIG. 1 is a schematic plan vieW shoWing an embodi 
ment of an ion implanter according to this invention. FIG. 2 is 
a plan vieW shoWing surroundings of an implantation cham 
ber of the ion implanter in FIG. 1 in an enlarged manner. 
[0060] This ion implanter is constructed such that a 
momentum analysis (e.g., mass separation) is applied to an 
ion beam 4, Which is extracted from an ion source 2, by a 
separation electromagnet 6 and then the ion beam 4 is intro 
duced into an implantation chamber 8. A path of the ion beam 
4 from the ion source 2 to the implantation chamber 8 is kept 
in a vacuum atmosphere. 

[0061] In this case, this ion implanter may be constructed 
such that the separation electromagnet 6 is not provided to not 
apply the mass separation and the ion beam 4 that is extracted 
from the ion source 2 is introduced into the implantation 
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chamber 8. The ion implanter in this case is called a mass 
non-separation type ion implanter. 
[0062] Here, assume that the traveling direction of the ion 
beam 4 is set to the Z-direction, and tWo direction that inter 
sect substantially With each other in planes that are inter 
sected substantially With this Z-direction respectively are set 
to the X-direction (e.g., the horiZontal direction) and the 
Y-direction (e.g., the vertical direction) respectively. This 
embodiment is constructed such that the ion beam 4 having a 
shape Whose dimension WY (see FIG. 3) in the Y-direction is 
larger than a dimension WX in the X-direction (this is also 
called like a ribbon) is extracted from the ion source 2, and the 
ion beam 4 having the above shape is introduced into the 
implantation chamber 8 not to undergo the scanning of the ion 
beam 4. 

[0063] In this event, this ion implanter may be constructed 
such that the ion beam 4 having a dimension that is smaller 
than that introduced into the implantation chamber 8 is 
extracted from the ion source 2, and then this ion beam 4 is 
scanned by a scanner located in the beampathbetWeen the ion 
source and the implantation chamber, for example, and is 
introduced into the implantation chamber 8. 
[0064] By reference to FIG. 2, the implantation chamber 8 
is exhausted to a predetermined degree of vacuum by a 
vacuum exhausting apparatus (not shoWn). Also, the ion 
beam 4 is introduced into the implantation chamber 8. 
[0065] A holder 12 is provided in the implantation chamber 
8. This holder 12 holds substrates 10, onto Which the ion 
implantation is performed by irradiating the ion beam 4, in 
tWo columns of a ?rst column C l and a second column C2 in 
a predetermined direction, concretely, the X-direction in this 
embodiment. 

[0066] In FIG. 2, FIG. 1 to FIG. 14, FIG. 16, and the like, 
the holder 12 is illustrated in a simpli?ed manner. An example 
of a more concrete structure of the holder 12 is shoWn in FIG. 
4 and FIG. 5. 

[0067] In this embodiment, as shoWn in FIG. 4 and FIG. 5, 
the holder 12 has a square frame body. With this arrangement, 
it is made easy that interference betWeen the holder 12 and 
lifting pins 42 and tWist guides 44, described later, should be 
avoided. Also, a Weight reduction of the holder 12 can be 
attained. 

[0068] The holder 12 may be formed to hold the substrate 
10 in one of the roWs formed by the ?rst column C l and the 
second column C2. Like this embodiment, the holder 12 may 
be formed to hold plural substrates 10 in a plurality of roWs Rl 
to R3 formed by the ?rst column C 1 and the second column C2 
respectively (see FIG. 4 and FIG. 5, for example). The num 
ber of plural roWs is three in this embodiment, but such 
number is not limited to this. 

[0069] Each substrate 10 is formed of a semiconductor 
substrate, for example, but the substrate is not limited to this. 
Also, a planar shape of the substrate may be set to a rectangle, 
or may be set to a circle, or the like. In the folloWing, expla 
nation Will be made by taking the case of a rectangle as an 
example. Also, the similar situation Will be given in the draW 
ings. 
[0070] In both cases Where the ion beam 4 When irradiated 
onto the substrate 10 does not undergo the scanning and 
Where the ion beam 4 undergoes the scanning, such ion beam 
4 has the dimension WY in the Y-direction to cover the roWs 
(one roW or plural roWs) the substrates 10 held on the holder 
12 (see FIG. 3 and FIG. 4, for example). 
















